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0The electroly81s of solutlons of N 4 or other

i

“

nltrogen—oxygen compounds 1n anhydrous HF was 1n1— o
IR 7 tlated as a means of synthe51z1ng N—O-F oompounds.Y

i

5

i

i

! :
s o ,

L 2 The react1on of °N, 04 w1th HF was 1nvest1gated and ° &b Gl o

g v - ) t .

: pre11m1nary electrolyseScwerc performed to obtain “

i

{

¥

4

i

AN

R . - cell de81gn data. Gas evolutionbwas observed at

<
[CNPS

o . ' “ the anode but not at the cathode, 1nd1cat1ng that

NO may be a catthlc product P1at1num was>found

, : A to reduce the voltage necessary to conduct the 5 .
electrolysis as compared to-nlckel. Otherrdata 4
b necessary for the cell design were determined and ° : © o

SRR - ’ the design of the’cell and a38001ated equipment is

<

<
<

o

“ complete.

o
<
@

3
P, , o
D1f1uorourea was reacted w1th N,N dlfluorocarbamyl

o

chlorlde acetylchloride, perchloryl/ fluoride, ’ o °

@)
S
Uy

nitrosyl. f1uor1de, and nitryl- fluorxde under a var1ety

= of cond1t1ons but at best, only 1ntractab1e tars of <.

o voe

é . . low oxidizer contént were obtalned No new products

. of interest were obtained by thewreact1on of N 2‘4 ]
e //y N *with t-butyl pero%ide or with o;pne.O Ozone did not .
4 ,,/‘ B -

ko] : . 3 C 2 2‘.

I3

Qﬁ ‘ react with NF, or either isomer of N_F

. 5 ’ (Confidential Abstract) .
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As. prev1ous1y reported on thls research program, the development of

d1rect fluorlnatlon technlques has resulted 1n the preparation of several

v

. These were of

O

Subse- . o

o

quently, the use of the electrical d1scharge also resulted in the forma-

tion of other ney oxidizer molecules.‘ In this report the 1n1t1at1on of

st111 another approach towards the synthesis of oxidizers us1n0 electroly-,

0,
sis is described, Further, other reactlons w1th difluorourea are also

< B 5 =
- o oo

descrihed.
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The electrochemlcal approach in ox1d121ng solut10n5>for the preparation
of oxidizers: contalnlng nltrogen, oxygen and fluorlne has been selected
because it offers 1nterest1ng preparatlve p0331b111t1es fof new compounds.<§§
Incidentally, should such compounds be of interest, the method is adapt-

~able to "scaling ap."

<

o]

Much work has been done - 1n the electrolysis of ammonla, amlnes, pyr1d1ne

and other nitrogen conta1n1ng organic compounds dlssolved in anhydrous

hydrogen fluoride.

. in"a Slmons cell at 0 C and at -7 C, but not at higher temperatures

(Ref. 1).

a Slmons Cell and in a d1v1ded cell w1th KHF
to y1e1d OF and CFQ, with minor amounts of NF39 C F6’ and NO
\evolutlon was noted 1n some cases and not in others, apparently depending,
w at least in part, upon the concentration of tetranitromethane.
trolysis of an inorganic compound containing the NPOVbondzwaé reported by -
1 and k). '

Dow (Ref.
yielded no NF,,0F, OF

<

"For example, some NF

FNOC

29

Ry o

<o

DISCU%QION

O
o

<

3

o

2 4

or NF3,

complicated by numerous exploslons,

The probability of synfhesizing relafively unstable N-O-F compounds by ° °

G".,

©R-334~15

o
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.operation which will be used in this work.
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was produced with guanldlner o7

2

@
“

The elimination of organic

Pl

Tetranltromethane has been electrolyzed (Ref. 2 and 3) in

as a conduct1v1ty additive

*Hydroxylamine dissolved in HF in a Simons Cell

and the analysis of-productsvwas o

e electrolysis“would be expected.to be increased by the low @gmpegatﬁres of

compounds, precluding the formation of st@ple»CFk, should also materially

<

o

<

N C

N

>
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‘Hydrogen

The elec-'
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increase the possibility of forming these compounds. The work should

also be aided by the presence of nitrogen-oxygen compounds where the
nitrogen is already in +2, +3, +4, or +5 valence staté; this is compared
to the nitrogen-hydrogen compounds where the nitrogen formally shows nega-
tive valence. In addition, the probability of terminating the reaction
prematurely with a stable intermediate such as nitrogen, is lessened,
Finally, chances of explosion both in the cell and in the traps is re-

duced bec~use readily oxidizable materials will be absent.

The need for milder operating conditions was indicated by Kyryacos (Ref. 5).
He suggested that fragmentation difficulties could be reduced during the
electrochemical fluorination of 1, 2- and 1,3-propanediamine in a Simons
Cell if the cell could be operated at less than 5.0 volts. He could not,
however, find a measurable rate of fluorination below this voltage. A
definite effort will be made at Rocketdyne to keep the operating condi-
tions mild, thereby increasing the chances of synthesizing relatively un-

stable oxidizers,

The freezing points of N204~HF solutions (10 to 60 percent HF) have been
investigated (Ref. 5), and a large negative deviation from Raoult's Law
observed, Mixtures of NQOh and HF have been used for nitration (Ref. 6).
According to Darmois (Ref. 7), nitric acid dissolved in HF dissociates to
N03- and a proton trapped between HF molecules. Fredenhagen (Ref. 8)
reported that the addition of KNO, to anhydrous HF is accompanied by the
evolution of nitrous gases and th; formation of a colorless solution.
However, solutions of KNO, in lII' give a violet coloration when NO is
added (Ref. 9), the colorhbeing attributed to the formation of N202+

ion from NO+FHF. Similar results were also obtainéd when N_Oh’ NQO

) 3?
and NOF were substituted for KNO,, .

N-334-15 CONFIDENTIAL
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; The flrst experlments wére done at Rocketdyne with N2 4, buthoi NOF, :N‘O

>
.
<

k]

%

T

-Reaction of HF With NQ04 ¢ o n o

) 5 (\o . o Q
The addition of N2 " to HF to form a colorless solution_fMole ratio
HF: N204 = 14:1) is accompanied by hissing and the copious evolution of,
fumes. The large freezing point depressipnv(Refa 10)° in this system is
further evidence of a reaction. N , o ‘
It is interesting to note that in destrovrng these solutlons by the o

R- 334-15

FORM 608-B-1 PLATE REV. 1.58
N [

N 2 30 “and HNO3 are also of 1nterest
in hydrogen fluor1de solution could be expected to present certain cor->

o

".The electrolys1s ‘of these compounds

rosion d1ff1cu1t1es not normally encounteéred in the electroly81s of

fluorides, because of the presence of strong nitrogen ox1d1zers. There-

‘fore knowledge of metallic- corroslon under nonelectrolytlc as well as

anodic and cathod1c condltlons, was con51dered necessary

<~

. In addltlon,

because N 0 could be expected to behave dlfferently than those - compounds

—N204

system and 1nto the behavior of electrodes in such a system was also con-°

LY

prev1ous1y electrolyzed “in HF solutlon some 1n31ght into the HF:

P

<

sidered necessary. Therefore to maximize the probablllty of success and

to avoid false starts if pos51b1e it wag' decided to start the research

program.w1th a pre11m1nary 1nvest1gation to obtain the sbore”data Ex-

perlments were conducted to obtaln only sufficient data to reach the

above obJect1ves, therefore a thorough 1nterpret1ve ana1y31s is not.con-

7 14
o
>

gidered warranted,

N

* dropwise addition of water, very littie evelution of white fumes (from HF)

but copious evolution of brown fumes, occurs. Apparently the water dis-

places the N,0, from the products of the HF~N20 reactlon

D Eurlng,thls
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,were 1nvest1gated
of 0,036 moles of N,0

. “ ¢ - < : . >
work, a green color formed in the solutlon and the tond1t1ons of formatlonl

2 4

fumes and the formatlon of a blue color (probably

the solution stayed colorless after m1x1ng

A

oThe addition of 0, 083 moles of 1ce to a cold solutlon

in“0.52:moles of HF caused the evolutlon of TLrown

) near the ice, but

~ The further addltlon of 0.056

moles of ice caused a green ‘color to appear wh10h 1urkened upon the addl-*

tion of morenlce=
'_ hours with the evolut1on of ‘brown fumes,
not appear to be cr1t1cal and the green color was produced by several

other ‘ralios of HF ‘N0 and by HF, NaNO and H,O.

and H O

274 277

o

2

This color faded very slowly over & perlod of several

The conditions of. formatlon d1d

8}

No reference

" to the formation of a green color in HF has been found although a v1olet

HF, attributed to the format1on of a postulated N
reported (Ref 9) Y’

22

<@

-
~ &

Cur;ent-Voltage Relationships of the Electrolytic Cell

"ion, has been

co

o

The cell current wasﬁmeasured as a function of the composition of %ﬁé

HF~N20Zl

solution,

4

e

The objective of these experiments was primarily to

find the composition or. compositions at which.the current was at a maxi-

mum, for a constant appliedmvoltage,

e
i
[ RIS - N

o L <
3

o

~ <

The apparatus described under Electrolysis Procedure I, bage 15, was used’

w1th nlckel electrodes.

at mole ratios (HF: N

1)

° Current peaks (Flg
) of 400 1 and 36:1.

‘were obtalned for HF-N_O

2%

The first_is thought to be

a result of 1nteract1on of impurities i1n the HF, and the second a result

of the ionization reaction of N_.O

2y

second peak 18 very slow and is probably a.dilution effect. caused by

el
"+ excess N204
R-334-15
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- - T>;t" Thermodynamlc ralculatlcns based ,on ,the free energleSuof reactlon 1n thls
° ?,3" s ig( e electrcly31s have 1nd1cated that NO rather than hydrogen 15 by farﬁthe
’ most 11kelv cathedic’ product of the electr01y81s ochFoN2 g solutlons.

<
e
P

3 ot . The evolutlon of hydrogen 1n scme experiments, but not others, in the

o o electrolv51s (Ref 2 and 3) of tetranltromethane solutlon 1n HF presents
! - - [l
T , : ’ a somewhat - 31m11ar situation. Th1° mav have been a result (1n certaln o

v
<
Ry

< o ‘ B o experlments) of the formatlon of NO, which remalned in solutlon9 1nstead

< o »o <o,

.. of the formatlon of h)drcgen “Vﬂ’ . <
. ;\ s . . Ce . ' _ ‘§>/ &
< B [N ) N _3 & :

A v E b
! N BRI

Qe A - “ Elegtrolysis ef HFuNOOQ Solutions “ 5¥ .

-

fed

(]
0y
AN
<

- . < . > <

o
Py
"
B2
o
N

o B - - 5
0 - i N

L Numerou= SXperiments were p@rfﬂrmnd o defermlne the optimum condltlons e

for 'he electrolvers Hf HF-N 0 sulutlnns, It was felt that the best

<

>
B

cell- de31gn could be* determxned ‘after scme of the character1stlcs of the

o electralvs1s were known. {urrent and w«ltage readlngs were taken¢w1th

LA ° > ‘various elec+rede deeemblles W1rh the experlmenfal arrangements ueed
= < o <

coolzng was 1nadeiuate and Lonalderahleylncrease in cell current with

TNy

time was nated. At *h g pa int>1n the werk, more carefully controlled ex—
periments did nct appear s be justifred, ©

‘o

v

o - i
> =

v
o
o

Data (Fig. 2} from *he slectrnlysis of HF compared with that obtained-

¢ ~ from sthe elecbrolxsx of HF i 0 rudicate *hat water9 a usual impurity

e

“a . 1nAH}~ mayv be resp»ns1lle for the break *n the HF urve at 3. 6 volts.

7

2 L - The HF” N 0 system sh»ws a similar break at 2.4 volts It is hlghly

N . QSIgnxflcanf‘thafkin this evstem. g8 tvalu~ wﬂn .was. seen only at the anode,:
L. - } S ¢ G

. i . .QI
which 1s consistent with the free energy calculatlon discussed above,, The

<
<ro

']

7 U :
electrolvsis of HF: with platluum electrodes was 1nc1uded (Flg, 2) fbr com-

AT e arative purposes The portian “of fhe «nrve that has a negative slo e
¥ ] p p P p » P

'W&S¢00PrPTaKGdCWl?h‘dn ﬂhser\ed rapwd d#fack of thé anode. . > o

< o N o

<
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du01ng cell potential to prevent decomp031t10n.

~ - the. use of another electrode materlal

the“other hand

-

,wh1chfrequ1res higher .voltages than nickel

s o

= Other metalg were also examinéd as electrodes.

Bt
Hastello§ C, iron,

anodes.

» In electrolyS1s work,

&

<&

Inco A

alsOwsuitable as a cathode

o

palladium and cobalt are notusatisfactorv as

oo

cons1derable 1mportance is usually attached to re-

such as platinum,

. milder operatlng condltlons by perm1tt1ng lower Voltages "ta.be used

B

Type 321

‘As can“bereen in F1g”3,

will result in

" On

should more severe cond1t1ons be de31red then monel

could be usedias the anode. <

N <

° .
stainless steel,

Although the f1rst two alloys aré suitable as cathodes, mdnel is

Both lead and tantalum are attacked rap1d1y

)

without the appl1cat10n of scurrent.

/

7 :Celeresigg R
o L9

el

=

<

.o
>

o')o

The cell and associated gas handllng ‘and vacuum equlpment were de51gned

on the basis of the exper1menta1 data.

The cell 1s being made relatively

long and thin so”that a maximum surface-to- volume raﬁ1o ig .obtained for <

¢ the most eff1c1ent cooling,

gas is>evolved from the -anode only.

RN

The cell body is being made from stainless steel because

N

No gas separation system is needed because

It will be possible

later, if Heslred, ‘to decrease electrolyte mixing rates.

to’add a diaphragm

it“apparently

becomes covered with an insulating film and therefo}e‘%ill not provide °

an alternate current path if a d1aphragm is used.

sidered at the present time are platlnum n1ckel and monel.

Anodic materials con-

It is im-

portant that the anode area be equal to, or greater than the cathode

area for maximum cell conductivity.

electrodes,

R—34£-15

o

o<
<

o]
FORM 608.8-1. PLATE REV. 1.50
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In th1s'des1gn

the anode and cathode aréaS‘wlll be. equal.
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. salts and w0u1d p0551b1y be a good chelatlng agent =

The ava11ab111ty of d1f1uorourea suggested 1ts use as an intermediate 1n

“the preparatlon of solid NF ox1d1zers. Slnce am1des are readily- acylated

the’ reactlons w1th acid halldes were 1nvest1gated* Cons1derable effort

o

- was ‘spen “to demonstrate whether difluorourea would react w1th d1f1uoro-
carbamyl chloride as-follows: PN - V- '
) S o, 57 ‘ !
- NFQCOC} + NHQCONFQ-,——-—--'NFQCOII\{ICONF2 + HC1 i
- < - < };
- - s o‘:

The de31red tetrafluorob1uret should be a strong acid capable of formlng

. . . . L = 5 i N
< k’i . o ' - ? \\ -

The ‘reaction of sol1d d1f1uorourea with ga$eous NF COCl proceeded slowly

2
with the conversion of ‘most of the acid chlorlde to chlorod1f1uoram1ne and -

§>

the formatlon of a small amount of NH,F from” the NH CONF _ When ether was

4
used as solvent, no reaction occurred, and, when pyr1d1ne was added to the

ether>solut10n, 1ntractab1e tars, with 11tt1e oxidizing power, resulted

< 3

. . <

~,~.~~"To determ1ne if d1f1uorourea could be acylated further experiments were

conducted using acetyl chlorlde in place of the unstable NF200C1, since

acetyl chloride acetylates urea,” Difluorourea did not react w1th acetyl
chlor1de, either alone or in ether. When pyr1d1ne was added, tars which

could not be crystallized or ‘sublimed and which had lost their oxidizin:

- o
74 . <

power, were again produced.

i . L o R - E

RGNS B ~

- Similar results were nbtalned 1n attempts to rewct dlfluorourea w1th )
‘perchloryl fluoride, perchloryl fluoride and pyridine, nitrosyl fluorlde o

and-nitryl fluoride. It was concluded that.difluorourea is very resistant’

Sy . . . . -

¢

§
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\4/‘\‘ { ; i “ BRI e e - . . | ) ] ks s
r",“\»’ <\\‘/1 ;:ﬁ‘:“‘, ,: (&) § = = a
o *’ b3
o ) 3 e b types of products may <have been formed in’ the presence of pyr1d1ne s1de
. < o 5 [N “
° react1ons predomlnated to glve 1ntractab1e m1xtures.
B o ke s Cq &
- , ¢ OC - ‘ N PR s
: 'REACTIONS OF TETRAFLUORCHYDRAZINE “° © © 0 "= o= ¢ )
2 ‘ ) L E [/ ’ ¢ “ o . l',' ) <
o B Tetrafluorohydrazme has been reacted w1th .many compounds us1ng t-butyl
X o
S perox1de as a ca,ta.lyst (Ref. 11), Experimental work was performed to
; A ‘ determme whether there is a primary reaction between these two materlals e
‘ J : to torm tert- butoxydlfluoramlne, t-Bu—ONF2, which mlght pyrolyze readlly
X 2 . Ty
"5 .~ “to form HONF When N2F4 and the perox1de were heated at 140 C, the ;
’ . products were acetone, N20 SlF4, methyldlfluoramlne, tert-butyldlfluoramlne
‘ and HCN (probably from CH NF ) Irradiation at room tempergture w;th an -
§ < B ultraviolet sourcew?gave a similar mixture (except for alkyldifluoramines),
' ¢ and irradiqation at -80 C prodﬁced only a trace of HCN. . Thus, the t-butoxy
o N\ - radical ‘decomposed to methyl rad1ca1 acetone and t-butyl radlcal and did
CC; _ \w\%:\ not react with NF2 radical. The. products obta.1ned are presumed to have
. BT \L)_\een formed according to the following scheme.
g i © \“(- PO : . A ' , UL S N P
" CH.. e Aol )
> ~ CH,-C -0+ —= CH COCH *CH <
Cs T 373 % '3 e
: Va : CH o e | .
o o 7 3 TONE, <
) o > ” - ) 6{} )
° ; B 7 7HCN + HF -~«—— CH_NF o C
. . 32
” © ~ { ’,1 . <
S glass N )
J ) - | SiF,
JR— S— ¢ & o
? . < o <
& > S CDC < \\\\
K ¢ R:QC « -
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‘ngne;: of the ‘desired compound : B A g
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Al was sublequently noted that the thermal reaction between t—butyl

perox1de and was attempted by . workers at the General Electrlc Com-

2 LY
pany (Ref 12)5 © They obtalned formlc<acld0and n1trogen tetrox1de “but

o <

<

[

‘ T ,
REACTIONSSWITH OZONE

O R : o
N J

& v
o

.

o
7

It was thought that the highly reactlve ozone m1ght react with binary

N

o

or NF ONF Trom

NF compounds to form such <substances as NF_0 from NF.,

-
L o e,

"

—

o 3 3
: It .was also hoped that d1f1uorod1a21ne might d1sp1ay an unsaturated

air.

2 4
character toward ozone.

NoFy

However, 3

d1d not react with ozon1zed cxygen.

symmetrlcal

N F

ofg “and unsymmetr1ca1

Irradlatlon with soft ultra-

v1olet merely uecomposed the ozone, and had no éffect on the NF compounds.

Tetrafluorohydraz1ne behaved with ozonlzed oxygen ascit does with ordlnary

tents of the react1on ~vessel suddenly turned brown,

The N'2F2

fluorlnated urea 11qu1d and potassium f*uorlde.

N

There was no reaction until-25 mlnutigahad elapsed then ‘the con-

<

ol

isomers used in this experiment were~obtained directly from

%heﬁgﬁseousfproduct from

X [
‘the‘reactlon was almost pure, containing only nltrogen and a trace of -

N

o

< <

NQO.
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. -REACTION OF HF AND N,0, < o
O ) 2 Ii 0y « <
ke o . [N - . )
> b v o\ ° . o vy L i >
N > N1trogen tetrox1de (2.5 ml; 40 m moles) was poured alowly¢1nto HF (4 2 ml
o 5 . o 210 m moles, Matheson) contalned in a sem1transparent Ké1oF" tube\fsim
I o reagents and conta1ners were cooled in" ice before use. The N 04 dlssolved
. f/c * with the formation of a 1emon-yellow solutlon, accompan1ed by v1olent hls-“
o . o °ging and initial evolut1on of;fumes, The vapor space above‘%he solution.
gjy L, was coloredklight brown. ¢ .
o >J' ‘ o . O
Ce When. N (0 5mi; 8 m moles) vas added to HF, (24.5 ml;° 1210 m moles) in
o enother experument, thewaddrt1on was'accompan1ed by violent h1351ng. How-
\{" . ° ever, no hissing was noted upon, the addition of more N204.f o ‘
- o . : o . o Ca 3 L °
N 5w , } S e
o ’ Lo @ © "’
ELECTROLYSIS}EQUIPMENT AND PROCEDURES o ° R
k4 4 ’ V . < C
) ¢ ; "Power was supplied by a continuously variable, unfilﬁered full. wave
o rect1f1ed supply and measured by calibrated panel meters. T1ltered
. powver : supply or1g1na11y ordered for this work Knlght 87FX505,,was sub- Y\
s ‘ - stituted for the/unflltered supply No s1gn1f1cant d1fference could be
" i . found sin the electrolys1s of HF—N2 )2 even though the, r1pp1e factor wasr ’
i ' reduced from 47 percent to a maximum of l 3 percent '
o N
/ o e ) : ) N
& i
° Three dlfferent‘apparatus configurations were used. .« In each conf1gurat"on,
. ST " ?*‘ 2
) ‘~the electrodes were 1nserted 1nto the open vessels from above. e
© '\ > < - O/} N > «’fb
I ,/‘ = B . - /’I“'«. \\O
[ ’ < ) 0'((‘ ? o '/ ’ H
; , \ . ) \9 > R
o & T o : o
o h Cng,
. &
> . ¢ . ¢
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1 5 The V204 was poured slowly 1nto the HF A1l veSsels;‘graduated cyllnders,
o v and reagents were cooled w1th ice.before us1ng and. the mixed solutlon was *
= cooled for a few minutes before electnolyzdngf . ° e
> W PETAR “ " - > y > B
N ¢ N T / ‘ o - e o C T e
S, « f - -, s o o
o Electrolysis Procedure.l = ) b7
, S W s | . | ‘/ 2 - > JECT < o6
. . ° A translucent Kel-F beaker, 37 mm ID; 65 mm deep, with 5 mm walls was
5 o *% o o . -
C e, used The strip electrodes 7 mm in width, ‘were immersed to a depth ¢
> 2 T, = .
B . of about 18 mm 1n the solutlon and were spaced- 13 mm)apart S he beaker
. ° o ‘was 1mmersed in an ice bath over the solution 1eve1 durlng electrolys1s.f
.,/ & & = . A . ’ RN e S e - v e
au o T e ° Electrolys1s Procedure II | . o
b . R . S S - :
- : . ¢ . . > e U 5 ) < i © - o o
‘ t\ h . RO E B
o C A transparent Kel-F beaker 26 i ID, 35”mm deep w1th¢3 2 mm walls ”
. ) c was used with 10 x 10 mm sheet metal electrodes. _The electrodes wereo "
5 ; 04;coo f 'fully immer'sed into the solution, and connected by an exten31on°of “the -
’ : , éﬁ same metal, 1 to 2 mmxw1de. Spacing was 10 mm. .
: o | T o o R o o a - o :O
: +.ELECTROLYSIS OF COMMERCIAL HF- i T
2 ¢ ° The electrolys1s of 11qu1d HF (Matheson) was conducted w1th nickel elec—
5 trodes and with platinum electrodes, using Electroly81s Procedure ITI, The
¢ o/j data (F1g. 2) also include that from the electrolys1s of HF—H 0, (Mole
y < ratlo 17:1) ‘under the same condltlons. © o
i DENCY ) N * © ol
B ’
¢ j» o * No attempf was*made to\compensate for the : loss of HF or. N2 4 ’
L Vapor1zatlon. R s o i
o . O %% If str1p eleCtrodes were unavgllable, then rods were used in-such a .
< R ﬁ . way ‘that an equ1va1ent area was exposed, - vt
) Ggf ‘ ‘ff'***The use - ofca transparent Kel -F beaker perm1tted the visual observatlon
s e i R of the*electrol%s1s and thereby, the ¢ 1n1t1at10n of gas evolution.. )
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T o L .
. .. . Electrolysis‘of HF-N,
) ' Strolysls Procedure II with n1cke1 electrodes, is shown,

(7

O

v

o 1 L e substltutlon of platinun for:. the nickel: cathode had l1tt1e Seffect,

e

~————1n~eurrent—densrty—&t—a—gtven—appl1ed voltage.

(I ) - . ever, the subst1tut1on of a' plat1num anode caused a 81gn if

solut10ns,'1n the mole ratlo of 18 l ,using Elec-

in Fig. 3. The .~
How-

o 4

' The use of platlnumofor

¢ both the anode and cathode electrodes (Flg 3) resulted in-an almost
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1dent1ca1 curve and an additional increase in cell current at. a’ glven

app11ed voltage.\ L < , o
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The ,data from an experlment us1ng a palladium anode~w1th a n1cke1 cathode .

<

o ‘ shows a sharp break in" ‘the curve at 1.7 volts and 6 m1111amperes- however = °

<

gas evolut1on did not start unt11 the currentcdellvered was 150 mwilli- ;

B . ampeves at 2 0 volts,

A ) i The remalnder ‘of the curve was s1m11ar to, but

underneath the plat1num curves. - As m1ght be expected from the delayed° 0°

start of’gas evolutlon, attack on the palladlum was very severe. oo
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. : Dissolution of both nickel and~platinum were also noted,reaching,3 to 10 ° .
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el

percent based on the current passed<°and assuming

for” nlckel and four for platlnum. - © . o

a valence change of two
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Electroly91s - Area Effects : ; : R

<

o o kS - [ o bl
W . o e S

o . One n1cke1 electrode, 19 ‘5 mm w1de and -one-nickel electrode, 3 0 mm w1de‘

were used alternately as “anode and cathode (Electroly31s Procedure I).

< . “\’40"{/\

’ < Slgn1f1cant1y hlgher currents. were: measurcd hen the larger electrode was

_Msﬂ

For example, at 7 | 190 m1111amperes were meas- NG

Wlth
w1th

T Ks > . - B

Lo the wide anode and narrow cathodef koo ¢

2o

A . ﬂusedqas the anode.

ured w1th the narrow anode,:and 530, m 1liamperes with the wide anodc.

two w1de electrodées, the curve:-was almost identical t0vthat obtalned
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CORROSION TESTS “ ‘o
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_ Several metals were tested for corrosion res1stance /Ju’a:-aulutlon of - ' '
B o G
2 (3 9 ml 62 m moles) in HF (47 ul; 2320 u moles‘)J//\ﬁese were
nlckel monel Hastelﬁoy €y Inco A, and Type 321 sta1n1ess ‘Steel, The ' i
- metal str1ps and rods’ were mounted in Teflon to prevent elects “ical con- ©. -
& &
tact, then placed in a Kel-Fxtube .and- permltted to stand for 17 hours
a:7t about 18 C. The tube vas’ stoppered but no other attempt wes ‘made to
o exclude moisture. “The amount of ,corrosion, as determined by weight loss,
2 . . ) <
was negligible. = e o
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. ° Investlgatlons of the HF—N2 ) system have led to a suitable electrolytlc - St
N ‘ MR
A , ‘cell des1gn which is nowumder constructlon. A gas handling vacuum system
\_,//&/' o - o ° ;i o ] Y o
’ o o composed of,fluorocarbon\polymers and metal has been designed and parts =. ° o
: ~ Y I R 4 L PR o
' "¢ ordered. p ol - - . : o
ERS ~ Y - g N " > o : ,
: il ‘ ‘;k"/ ﬁ < . , o
. o 1‘1 B b 3 ;L o o >
- |
- anestlgatlons ofuthe HF—N204 system w111 contlnue. It is planned to” . o
. o ® determine the characterlstlcs of copper, gold manganese and chrom1um as. .-
. 4 - -
anodes° In" addltlon “the ac’ conductance of the system will be determlned A
k : n , A
! T as a functlon\of percent N2 L’ anuher work will also~be done with dc
R o _ &
. current-voltage curves.at several spec;frc NQDé concentratlons. °
T ° . - . qn ¥ 5 - o Se o > @
- v e Z TR T ST °
’ ‘ N WeT s e >
! 4] [ed
p g. The subst1tut10n of other soluues for N 04 1s?a1so belng considered, <
R <
although it is: planned to start electroly51s of - HF—N204 as soon as the L, .
bl \ i\ Tn S :
R .cell and associated equipment are ready. o K .
' } - : SR = o i
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3 ’ | Toe h © B >V
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== > Further'study of the raactlons of d1f1uorourea have. rvhown o prom1s1ng :
: chemlstry Reactlons w1th act1ve halogen compounds did not’ y1e1d sub-
NS
" . stltutlon products on . the N-H. n1trogen as hoped Reactlons of various
e “ ‘/".) ! ¢}
N oy A 'nltrogen\fluorlne compounds with ozone gave: no new products S °
v B : N : :
(} | \ o \\ \\\i . . By i . . o *I \ PR o
’ ’ R G -
‘\ Q\‘ ay ‘ \\ IS } _() . < o, o
12 T B ' z s o N s <
{ o . o <
. o o
) . [ - ) W, < . I R
- “ o < Bl & N\ . > P
e = - i ) IS
< ’ 2 > ’ & i N . <
o . 4 2 B
c - N O S ° -
oS4 .
= QoI © . el & 3 © o @ .
-~ ‘ P “ » » <
4 o s Y oo °
~ m:,.lyv o \ ~ < B
. o
[ ;‘." <
i:’w Q‘ o ¢ ;’\ ® (S ¢ - i “ RIS
) . ¢ . o o o )
v : ) - © " o
o o ‘ L ) . \& . 5 s . ' ) N
‘R-3%4-15 ne S0 . o 18 B
-+« - CONFIDENTIAL . - -~ o
o N v w B : g :
t iy I o ~
~ <
ks FORM.608.8-1 PLATE REV. 1.58. ¢ . ~ i y 5.




$ g ~~}~f P z, 0k ot e e Y = e e ol W
o 0 ) - n © . )f A BIVISION OF NORTH. AMERICAN AVIATION TN -
—_— < A ) R ¢
N T T GONFIDENTIAI. S
, \\;:J: v * > ) R . \ S l"o o e
o vy oLE < o A% o
AR O». Lo o” > . s ) i 2 o
o, ¢ v & .7  REFERENCES . ’
o N , ¢ Q\E;‘ . L ) ‘ o 4 N
. 22 C° ‘ v o) o ' o - e, -
o 0 = 1. AR-3Q-59, Advanced Research on Solld Rocket“ Propellants, Dow Chem1ca1
° A o T cg., Midlarl, Michigan, 28 Aug., 1959 CONFIDENTIAL I
N . 9,° La.pkm, M, a.nd M. M Boudaklan, OMCC—5901-TQR-1 Storable ngg Perform- c
’ 9 ‘.a.nce L1qu1d Blpropellant Sysstemss9 011n Ma.thleson Chemlcal Corp.@ Energy
’ ’ ‘ ;25 Digision, New Haven, Conn. ; Feb. 1960 CONFIDENTIAL I S
> ° o s, Lapkin, M. and M. M. Boudakiar, ‘0MCC-5901-TQR-2, Storable H1gh Porform
2o ” N »:fi} ° ance /quuld Blpropellant Systems9 0lin Ma.thleson 0henx1ca1 Corp., Energy ‘
(G; - s zi;“’; D1v1s1on New Ha.ven (onn‘,9 May9 1960 CONF IDENTI.AL T 5" 3 ’ o
_p;‘iﬁ{{ 4k, AR-4Q-59, Adva.nced Research on’ Solld Rocket Propellants, Dow Chemical
T T YL ce., Midlend, Michigdi, 30 January 1961° CONFIDENTIAL, * s St
5. Kyryacos, s Moshonaa . M..G. and Tsoukalas9 S N. Resea,rch on Selec-‘ ’
° i . i§?° A tlve Fluorlnatlon ’I‘echnlquesg Report No. 61 -7, ‘Pennlnsular ChemResearch
1“/ 2R 0 Ine., Ga1nesv111e, Florida, 31 Januarv 1961 (‘d.\‘FIDENTIAL .
: > 6. Clark,’I. To and M. A, Mlllet Nltratlon of Cellulose 1n Anjdrous °
R " < Mixbires ¢f. N0, and°HF,  TAPPI Ak, 144-6 ;961) g |
) 7; Darmois, ,.G"’ Condu_ct;_wty and:‘Assouated Propert1es of L1qu1d HF _dJd. E
° 9 = y ch'mD’phys. <53, 445-50 (1956)3¢.A. 50, 13569 (1956). o . ﬁ‘;
€ ° 8. Fredenhagen, H Prec1p1+a.t1on Reactmns and Double Decompos1t10ns in
> N vc ) L1qu1d Hydrog;n Fluoride,- Z anorg allg__ (‘hem. 242, 31 (1939) N\
o “ o £ 9, } Seel, F. and H, bauer Vlolet Hydrofluorlc Acxd - Angew. Chem. 69, 135 -
= o s C(1957);°C.A. 52, 1828 (1958\ \§\ ¢ B
= - Qﬁ\\ 10. AL-1477,° M1ss11e a.nd (‘untrol Equlpment D, 75 Inch Liquid-Propellant <
" ” ¢ A1rcraft Bonknt (NALAR)g 1-’1 ase \ Summary Report, North Amerlca.n Av1at10n,.
2 .« Inc., Domney,n(‘al o zo +itje<1954 CONFLDENTIAL, - .
Co ; , . 11,° P 59 14 Quarterly Progress Rgport on Proyellant Research, 1 May-")'l July -
- //{;:& . 1959, Rohm and Haas Co., Huntsville, Ala,bama 12 November 1959 CONFIDENTIAL.C
. i ~ {f’ 12, Storable L1qu1d Propellant S)stemsmStorable 0x1d1zers F1na]‘ Report
e }j\/\“ﬁ \\\,;’ . Vol 2, 1 July 51959 -, 28 Fehruarv 1961 Generalo Electrlc Compnay,\
¢ <4 . Cincinnati, Ohio ©CONFIDENTIAL, = = ..~ .
oy o L R /, Sk 4 . ) ‘
U g “ E R—Bl}l&—‘l‘i  §:«§3> ”“\ CONFIDENTlAL - . \\ 19 .,
: o ( S
& o, : o )




